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Thm  general  objective  of  this  research  oontraot  is  to  ooodoot  an  investi¬ 
gation  of  photopolyaeriaation  techniques  and  their  utilisation  as  a  dry 
picture  taking  and  printing  medium  for  military  use.  Detailed  requlreiasnts 
are  oontained  in  "Technical  Ouldalines  for  PR  &  C,  Ho*  62-2L8/R-2350  (61- 
2355).*  dated  11  >*y  1961. 


B.  AB32RACT 

One  objeotiv#  of  the  res*  arch  program  ha*  bean  the  all  min*  tl  on  of  hydrogen 
par oxide  immersion  a*  a  processing  step  for  photopolymeri sable  ferrio  salt 
coatings.  In  a  continuation  of  work  reported  previously  we  find  that  the 
ferric  salt  of  3 » 3 1 -dihydroxybentilio  sold  initiates  the  polymerisation  of 
vinyl  monomers  in  visible  light  without  peroxide.  Coated  layers  of  this 
ferrio  salt  require  shorter  exposures  when  the  photocatalyst  concentration 
is  relatively  low. 

The  effectiveness  of  uranyl  ion  ss  an  initiator  of  photopolymorisation  is 
under  study.  Uranyl  aerylate  and  uranyl  methacrylate  yield  opaque  polymers 
in  visible  light.  Solutions  and  coatings  which  are  stable  in  the  dark  have 
bean  prepared. 

Another  objective  of  the  program  has  consisted  in  the  production  of  oolor 
in  a  photo  image  by  the  simplest  possible  means.  A  colored  (green)  print¬ 
out  image  results  from  the  exposure  of  a  coated  layer  containing  ferrio 
bensilate  and  the  hydrochloride  of  the  lsuoo  baa*  of  thiophene  green.  1,3- 
dihydroxy-1 , 3-dime thylglutaric  aoid  has  been  synthesised;  its  ferrio  salt 
is  light  sensitive.  The  expected  red-colored  photodecomposition  produet 
of  the  ferrio  salt  of  this  aoid  has  not  yet  been  observed  in  ooated  layers. 

In  continuation  with  our  efforts  to  achieve  a  dry  procesaabl*  photographic 
system  based  on  photopolymerisation  by  the  production  of  a  colored  photo¬ 
resist,  the  synthesis  of  color  former  monomers  related  to  N.N'-jaathylene- 
biaaorylamide  has  been  pursued.  N,N'-(2-hydro9cybeMyliden*)-biaaarylamlcl* 
waa  prepared  and  found  to  exhibit  reactivity  comparable  to  that  of  N,Nf- 
me thy lanebisaoryl amide  in  addition  to  rendering  the  photoresist  color 
developable.  The  synthesis  of  a  bensoylaoetanilide  analog  was  complicated 
by  the  instability  of  p-andno-bensaldehyd*  needed  as  an  intermediate. 
Non-diffusing ,  water-soluble  oolor  couplers  are  effectively  retained  by 
the  photoresist  formed  in  the  iron-peroxide  system.  Incorporation  of  a 
mixture  of  yellow,  cyan  and  magenta  non-diffusing  oolor  oouplers  in  photo- 
polymerisable  coatings  leads  to  photoresists  that  become  blaok  on  oolor 
development.  The  processing  of  this  system  has  been  simplified  by  (1) 
incorporation  of  oolor  developer  in  the  coating  and  (2)  combination  of  the 
peroxide  and  persulfate  baths.  The  stability  of  the  developer-oontaining 
coating  is  limited  due  to  developer  oxidation, and  two  developers  reported 
to  be  more  resistant  to  oxidation  were  prepared  and  tested  without  success. 

An  approach  to  a  faster  photopolymerisation  system  based  on  rhotosensltlied 
autoxidation  of  1,3-diQxolanos  has  been  initiated,  lhus  far  coatings  con¬ 
taining  monomer  rose  bengal  and  the  dioxolane  substrate  yield  photoresists 
after  moderate  exposure  and  processing  in  a  solution  containing  ferrous  ion. 
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A  gravimetric  method  was  developed  for  the  determination  of  the  percent 
eonverelon  of  N 1  -me  thylenebisacrylanide  to  polymer  when  pbotoimtlated 
by  the  iron-peroxide  system  in  thin  gelatin  layers.  Both  chemical  and 
epeetrophotometrio  evidence  indioates  the  isolated  polymer  to  be. graft 
copolymer  of  polymsthylenebisaerylamide  to  binder. 

The  photochemical  ohain  reaction  of  merourio  chloride  with  potaeeiun 
oxalate  was  found  to  photoinitiate  polymerisation  of  A-5  solution  in 
the  absence  of  oxygen.  Coating  trials  wars  negative. 


1.  The  following  reports  were  issued; 


a.  Monthly  Report  No,  It  "Investigation  of  tha  Photopolyraeriiation 
Process,"  14  February  1963  -  13  i-aroh  1963;  Authors,  E.  Cerwonka 
and  7,  'I.  idllard. 

b.  iionthly  Report  No*  2t  "Investigation  of  the  Photo  polymerisation 
Proeese,"  14  i'iaroh  1963  -  13  April  1963;  Authors,  2.  Cerwonka 
and  F.  !•/.  lillard. 

2*  A  conference  was  held  with  Ur,  Norman  0.  Gaylord,  consultant  on 
this  contract,  on  1  iiaroh  1963.  Research  progress  was  reviewed, 

A  conference  was  also  held  at  the  U.  S.  Army  Electronics  Research 
and  Development  Laboratory  on  1?  April  1963  to  review  research 
progress.  This  meeting  was  attended  by  Idas  hi.  Levy;  Dr.  E.  Cerwonka 
represented  the  Photo  and  lepro  Division  of  GnF. 
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d.  EftgZBAIt  B&li 

1.  phgWariJWrtMUwi  jaaLJtola-galti  to  ttw  tbaam  at  FtrwAdaa 
»•  r«Tift  MVpI  .3tlVPltotoffrttn»lli9  MA 

Starting  with  3  hjndroxybenaaldehyde ,  w  synthesised  3,3'  dihydroaty- 
benaillo  aoid.  Details  of  tbs  preparation  were  given  in  8eotion 
D  1  a  (2)  of  Final  Report,  November  15 •  1962  -  February  14,  1963* 
Coating  tests  were  node  during  the  past  quarter  to  ooopare  the 
behavior  of  the  ferric  salt  of  this  aoid  with  that  of  benallio 
aoid  itself  and  of  4,4'  dihydroxybensilie  aoid. 
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0648 

o4w 

Natrosol  "250L" 

Polyvinyl  pyrrol idone , 

0.625  g. 

0.625  g. 

m 

K-30 

ms 

- 

3.75  g. 

NBA  (N,ti*  methylene 
bisacrylamide) 

3,3*  Dihydrcixybensilio 

0.250  g. 

0.500  g. 

0.500  g. 

aoid  (FW  *  260) 

0.780  g. 

0.033  g. 

0.033  t. 

Ferric  ammonium  sulfate 

dodeoahydrate  (FT  * 
462) 

0.723  g. 

0.060  g. 

0.060  g. 

Water,  to 

12.5  ml. 

12.5  ml. 

12.5  ml. 

Required  exposure 
with  water  wash 

60  sec.  - 

5  see.  - 

5  seo.  - 

no  resist 

o^lorleas 

odorless 

rssist 

resist 

With  hydrogen  peroxide 

5  seo.  - 

5  seo.  - 

5  seo.  - 

wash 

black  rssist 

gray  resist 

gray  resist 

Test  Procedural  3,3'  Dihydroxybenailio  aoid  in  the  quantity  indicated 
was  dissolved  in  deionised  water  (20  ml.).  Binder  was  than  stirred 
in,  and  monomer  in  20  id.  water  was  added,  the  mixture  being  warmed 
at  40°  C,  until  solution  was  complete.  Ferric  ammonium  sulfate 
dissolved  in  5  ml,  water  was  added  in  red  light.  The  solution  was 
brought  to  a  volume  of  50  ml.,  ooated  on  brryta  paper,  and  allowed 
to  dry.  A  test  strip  was  exposed  (for  the  period  indioated  in  the 
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table)  to  the  light  from  e  375  watt  refleotor  leap  at  16  inohee 
distance.  Results  obtained  with  (a)  water  wash  at  4O°-50°  C. 
and  (b)  hydrogen  peroxide  immersion  (15  seconds)  are  summarised 
in  Table  I. 


aiflmlfiiLfig  TiMit  l  Pat*!  Reoipea  #0646  and  *0649  each  con¬ 
tained  1/8  millimole  ferrio  ammonium  sulfate  and  1/8  milliaiole 
of  the  bensilio  aeid  derivative  in  12*5  coating  solution* 

Teot  strips  of  eaoh  gave  a  color  lees  resist  with  water  wash,  whereas 
a  gray  oolor  appeared  during  immersion  in  hydrogen  peroxide.  Hydroxyl 
radioals  derived  from  the  reaction  of  ferrous  ion  with  hydrogen 
peroxide  enter  the  aromatic  ring  forming  a  catechol  derivative, 
which  forms  a  colored  complex  with  ferric  ions.  A  test  strip  of 
#064?  contained  1*5  millimoles  ferric  salt  and  1*5  millimoles 
organio  acid  in  12*5  ml.  coating  solution.  This  sample  gave  no 
resist  with  water  after  relatively  brief  exposures.  It  is  believed 
that  the  higher  concentration  of  ferric  ion  present  in  #064? 
effects  the  oxidation  of  pLotoproducsd  dlphenylmethoxyl  radicals 
by  reaction  (2)  below.  This  reaction  competes  with  the  initiation 
of  MBA  polymerisation  by  the  dlphenylmethoxyl  radical.  Similar 
results  were  reported  with  ferric  bensilate  and  other  derivatives 
(Tables  I  and  II,  Section  D,  Final  Report,  November  15,  1962  - 
February  14,  1963). 
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b.  Atfsmmted  P of  n  As4d 

Results  described  in  this  and  previous  reports  involving  the  ferrio 
salt  of  various  hydrexybeneilio  acids  suggest  that  the  ferrio  salt 
of  3,5,  3*  ,5'  tetrahydroxj'bensilio  sold  would  (a)  initiate  polymeri¬ 
sation  of  a  vinyl  monomer  in  licht,  (b)  show  greater  image  density 


( 


? 


whan  Immersed  in  hydrocan  paroxida  than  bensilic  adds  having  only 
one  hydroxy  group  per  aroaatio  ring,  (o)  sdcfat  show  a  graatar  den- 
eity  in  the  dry  coated  layer  whan  exposure  ia  followed  by  heating 
or  storage  in  tha  dark  (Patent  Dieeloeure  AD  1804,  also  earlier 
reports).  Accordingly,  tha  synthetic  of  this  acid  (not  reported 
in  the  literature)  has  been  undertaken. 

This  procedure  was  baaed  on  a  method,  of  preparing  3,3’  dimethoocy- 
bensoin  from  3  msthoxybenzaldehyde'1'. 

Powdered  potassium  cyanide  (1  g.)  was  added  to  a  boiling  solution 
of  3,5  dime thoxybsnzaldehyds  (10  g.)  in  50$  aqueous  ethanol  (30  g.). 
After  boiling  under  reflux  two  hours,  the  mixture  was  cooled  and 
placed  under  refrigeration  overnight.  About  7.6  g.  of  an  orange- 
yellow  oil  was  obtained.  This  material  was  not  further  purified 
but  was  oxidized  to  a  benzil  derivative  by  a  published  method'2'. 

-  c  —  ^  -v 


ch3c ^OCHj 

*.p.  85°-  88°  c. 
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K  H 

OCHo 


3*1.3*  aS».  UteiiwtoflagppagU 

The  oil  obtained  from  the  beneoin  condensation  was  assumed  to  be 
3,5.3' .5’  tetremethoxybenzoln  formed  in  about  20$  yield'1'.  It 
was  dissolved  in  pyridine  (5  ml.) ;  copper  sulfate  (3.35  g.)  in 
water  (1.75  ml.)  wee  added  and  the  fidxture  heated  under  reflux 
two  hours.  At  the  end  of  this  period  the  mixture  was  cooled  and 
poured  into  three  volumes  of  water,  liberating  a  dark  yellow  solid. 
Tbs  oruds  material  was  re crystallized  from  93?  ethanol  (30  ml.). 

3he  yield  of  purified  3, 5,3', 5*  te trams thoxybensil  wee  2.3  grams 
(11.6$)  melting  at  165®-166°  C.  Tbs  compound  not  having  bean 
previously  prepared,  a  sample  wee  submitted  for  analysis. 


Q  gflos&^  u 

CH36  0GH3  CH-0  0CH3  CH3O  C®3  CH3O  OCH3 

4133-239 

Analytical  Dstet  Ci  Calc,  65.43,  Pound  65.33 
Hi  Oslo.  3.50,  Pound  5.55 


Ts trams thoxybsnsil  waa  converted  to  the  tetrahjrdroxy  compound  la  a 
manner  daaorlbad  in  tba  literature^),  The  msthoxy  compound  (2.3  g.) 
waa  dissolved  la  glaolal  aoatlo  add  (20  al.)i  4fl£  hjrdrobroaio  add 
(40  ml.)  waa  added,  aad  tha  mixture  haatad  undar  reflux  for  a  lx 
hours.  At  tha  and  of  thia  parlod  tha  raaotlon  alxtura  waa  ooolad 
and  poured  Into  watar.  Tha  oruda  aatarlal  (1*1  g.)  waa  nearly 
blaok  In  color  and  had  a  malting  point  above  300®  0.  Although  no 
single  reorystallislng  solvent  waa  found,  It  dissolved  in  athanol, 
from  wbloh  it  waa  re-predpitated  with  watar. 


\V  "V  ’•  T  !•*  n -  J ' .v  » i •: ' .!  ••ins". 


Following  a  published  mathod^)  which  had  previously  boon  found 
satisfactory,  wo  attempted  tha  conversion  of  tetrahydroxybenxil 
to  tatrahydnaybenailio  add. 

3•5|3,•5,  Tetrahydraxybenail  (l.o  g.)  was  addad  to  a  malt  at  125°  C* 
oonalatlng  of  sodium  hydroxide  (1.0  g.) ,  potassium  hydroxide  (1.0  g.) 
and  watar  (0.8  ml.).  Tha  mixture  waa  stirred  at  1506  C.  for  15 
mlnutaa  (Wood's  natal  bath).  It  was  then  ooolad,  diluted  with  water 
and  addlfled  with  hydrochloric  add  (10  ml.  of  6M).  Ether  extrac¬ 
tion  (three  tinea,  100  ml.  each  time)  gave  a  traoe  of  o&ly  residue. 
Qualita tire  tests  (ferric  unonium  sulfate  should  give  a  yellow 
graant  ferrous  sulfate-hydrogen  peroxide  should  glee  a  blaok)  showed 
that  the  desired  product  was  absent  in  the  residue  and  in  the  aqueous 
phase.  About  0.6  g.  starting  material  ( tetrahydrcaybensU)  was 
recovered  unchanged.  Mora  drastlo  reaction  conditions  are  evidently 
required  to  effect  the  benxilio  add  transformation  of  this  particu¬ 
lar  be  nail. 


If  ferrie  bensilate  in  a  ooated  layer  can  be  thermelly  dooar- 
bouqrlated  following  exposure,  the  pbo toeensi tlvlty  of  the  farrlo 
salt  will  haws  been  destroyed.  In  this  way  a  coating  having  a 
ferrlo  salt  aa  photooatalyst  can  be  thermally  "fixed**  Thsnssl 
fixation  teats  were  osrred  out  with  stripe  of  10650,  formulated 
as  fallows t 


Polyvinyl  nrrrolldone 

MBA  / 

15 

2 

g* 

C* 

Bensllio  sold  (reorystallized  from 

water)  (IW  •  228) 

0.114 

(• 

Ferrio  ammonium  sulfate  dodeoahydrate 

0.241 

g* 

Water,  to 

50 

ml 

dxparlmantaj  «  This  formulation  hu  com  tad  In  the  same  manner 
u  thoM  da  sort  bad  in  lAble  I,  A  control  taat  strip  was 
exposed  30  ssoonds  to  tbs  usual  light  souros  (375  watt  reflec¬ 
tor  lamp  at  16  Inches)  followed  by  washout  and  showed  s  color¬ 
less  resist.  Another  test  strip  was  also  exposed  JO  seconds, 
heated  60  seconds  in  an  oven  at  160°  C. ,  then  washed  with  hot 
water  (50° -60°  C.).  The  resist  Image  was  now  largely  obscured 
by  background  polymer.  When  an  exposed  (30  seconds)  strip  was 
heated  30  seconds  In  a  180°  oven,  then  washed  out,  the  background 
polymer  had  less  thickness  than  resulted  from  the  60  second 
heating.  The  same  exposure  (30  eeoonda)  and  heating  (30  seconds) 
were  repeated,  but  a  second  exposure  of  30  seoonds  was  made  at 
right  angles  to  the  original  exposure  after  the  intervening 
heating  period.  Washout  showed  only  one  resist  Image.  In  an 
effort  to  reduce  the  heating  period,  another  sanqple  was  exposed 
30  seconds,  heated  10  seoonde  at  180°  C«,  then  re-expoeed  at 
right  angles  to  the  first  exposure.  Washout  showed  a  pronounced 
resist  image  from  the  original  exposure,  with  a  second,  lees- 
pronounced  image  appearing  at  right  angles  to  the  first. 

Discussion!  In  these  teste  a  60  second  heating  period  was  exces¬ 
sive  and  affeotad  polymerisation  or  hardening  of  tha  background. 
Ihe  hardened  layer  oould  not  readily  be  washed  out.  Insufficient 
heating  was  Illustrated  by  the  10  second  period,  which  permitted 
the  photocatalyst  to  retain  its  sensitivity  to  light  and  gave  a 
double  image  after  washout.  The  degree  of  thermal  fixation, 
therefore,  depends  on  an  optimum  beating  period  at  a  particular 
temperature. 

(2)  Sanltlaln*  of  Ferris  Ben.llaf  to  Bed  Llsht 


To  determine  whether  the  addition  of  methylene  blue  to  a  photo- 
polymerisable  ferrio  bensllate  composition  makes  the  ooated 
layer  red  light  sensitive 
formulations 1 


Natrosoi,  *250L" 

MBA 

Bensllio  sold  (reoryst al¬ 
ii  zed  from  water)  FW-228 
Methylene  Blue,  aq.  (37b  mg, 
per  100  ml,)  IW  ■  374 
Ferrio  ammonium  sulfate 
dodaoahydrete  (flM82) 
Water,  to 


f  prepared 

and  ooated  the 

following 

Table  II 

0693 

0694 

1.25  e. 

1.0  g. 

1.25  g. 

1.0  g. 

1.25  c. 

1.0  g. 

0.057  g. 

0.057  g. 

0.057  g. 

’  5  »1. 

- 

5  41. 

0.120  g. 

25  ml. 

0.120  g. 

25  >d. 

4 

1 

a 

10 


Tot  atrip*  were exposed  through  a  negative  to  a  375  watt  lamp 
at  16  inch**  for  a  period  of  three  minutes,  A  Horaol  rod  filter 
was  placed  in  aorioo  with  the  negative.  Vaahout  showed  resist 
images  present  on  samples  of  #0692  and  #0694.  #0693  showed  no 
trace  of  image.  The  compositions  containing  methylene  blue  are 
indeed  sensitive  to  red  light,  bat  it  is  not  clear  from  oar  test 
data  whether  the  initiating  spools s  is  a  diphenylmethaxyl  radical 
derived  from  ferric  bensilate  (#0692)  or  a  radical  arising  from 
photo-excited  methylene  blue— with  bensilio  acid  acting  as 
electron  donor  (#069*0, 

(3)  agduaUan  9t . SilYtr  ajteite  far  Jtaand. rmrta  BmaUaH 

Print-out  systems  based  on  the  redaction  of  silver  ion  to 
metallio  silver  by  photo formed  ferrous  ion  have  been  known  for 
many  years.  The  action  of  light  photoreduces  ferric  bensilate 
with  the  simultaneous  formation  of  an  initiating  radical  and  a 
ferrous  ion.  A  coated  layer  containing  monomer  end  silver 
nitrate  would  be  eoepeoted  to  show  polymer  end  metallic  silver 
in  exposed  areas. 


m 

0745 

0747 

_ 0250 _ 

PVP 

7.5  g. 

7.5  g. 

7.5 

(* 

MBA 

- 

1.0  g. 

1.0 

C* 

Silver  nitrate  (FH=170) 

0.170  g. 

0.340  g. 

0.170 

g. 

Bensilio  sold  (Ff»  228), 

HX  White  Label 

0.057  g. 

0.057  g. 

«■» 

Oxalic  sold,  anhydrous 
(FJ-90) 

. 

0.045 

g* 

Ferric  ammonium  sulfate 
dodecafaydrate  (FVJ»482) 

0.120  g. 

0.120  g. 

0.120 

c* 

Water,  to 

25  ml. 

25  ml. 

25 

ml. 

The  formulations  were  prepared  and  coated  on  baryta 

paper  in 

red 

light.  Samples  were  exposed  five  seconds  to  the  usual  light 
source.  Ho  image  was  visible  Immediately  after  exposure;  how¬ 
ever,  wetting  produced  a  brown  image  in  samples  #0745  and 
#074?.  (Tha  presenoe  of  water  accelerates  the  reduction  of 
silver  ion  by  ferrous.)  Further  washing  with  hot  water  left 
a  relief  image  on  #0?4?,  brown  in  oolor.  #0745  showed  brown 
color  in  the  exposed  areas  of  the  paper,  but  no  resist  (print¬ 
out  silver  only).  #0750  Showed  nothing  at  five  seoond* but  a 
relisf  image  of  a  gray  oolor  was  obtained  after  exposure  for 
30  seconds  followed  by  washout  (reduction  of  silver  by  ferrous 
oxalate— initiation  of  polymerisation  by  oxalate  with  relatively 
long  exposure).  When  the  exposed  sample  of  #074?  was  washed  in 


i$  hydrogen  peroxide,  a  color  Its*  racist  was  obtained.  Ibis  Mgr 
bs  attributed  to  reaxidation  of  Mtalllo  stiver  by  peroxide  or 
to  re  oxidation  of  ferrous  to  ferrlo  by  peroxide  so  that  the  ' 
sliver  nitrate  was  not  reduced. 

Photopolvmarl action  Initiated  br.Pranvl  and  CirlQ._3alta 

a.  Aqueous  Solutions  of  Praiwl  Salta 

Studies  of  the  rate  of  oxidation  of  mandelie  sold  by  methylene  blue 
In  the  presence  of  uranyl  nitre  to,  UOgCNO^g,  .ae  photoeensittaer 
have  been  made  by  Ohosh,  Harayanmurti  end  RoyW .  These  authors 
postulate  the  photoreduo tion  of  urenyl  (U0g+2)  to  uranoue  (OCT2) 
ion,  accompanied  by  the  oxidation  of  aandelio  sold  to  ben* aldehyde. 
Methylene  blue  serves  to  re  oxidise  the  reduced  lgn  tXT2  to  UCv2, 
concurrent  with  the  reduction  of  the  dye  to  its  leuoo  form.  The 
ion  00,+2  now  beccaws  available  for  photoreduo tlon  again.  The 
sequence  of  reaotlons  Is  depleted  by  the  following  equations « 

(1)  U02+2  +  CgH^CHOH  COCH  lUhtj  DO*2  +  C^CHO  +  002  +  HjO 

(2)  U0+2  +  methylene  blue  —  —  )  UG,+2  +  louco  methylene  blue 

(3)  Leuoo  methylene  blue  +  Og— — ^  methylene  blue  +  2  *CB 

Reaction  (3)  Is  suggested  by  Os ter  as  functioning  during  the  Ini¬ 
tiation  of  polywrieatlon  by  photoreduo ible  dyes™'.  Reactions 
(2)  and  (3)  indicate  the  regeneration  of  urenyl  (002+2)ion  and 
methylene  blue  during  the  cycle, 

lhe  faot  that  there  are  three  wavelengths  to  which  urenyl  Ion  Is 
sensitive  (reaction  (1)  X  coupled  with  the  possibility  that 
reaction  (1)  may  proceed  at  a  high  velocity  impelled  us  to  begin 
an  Investigation  of  this  cyclic  resotlon,  attempting  to  apply  It 
to  the  polymerisation  of  vinyl  monomsrs. 

A  number  of  experiments  were  carried  out  In  aqueous  ablutions. 

The  remits  ere  susawrised  In  Table  IV. 

Table  IV 

InftwUoa  f  triad 

tanrtw  i.atwnft 

Uranyl  nitrate  (IW-502),  0.502  g.  0i40 

Uranyl  nitrate,  0,502  g. 

Mandelie  sold,  0.152  g.  (F-N152)  0<53 

Uranyl  nitrate,  0.502  g.  , 

Methylene  blue  (F>*37b)  3.74x10“°  g. 

('—10-5  millimole)  0»43 
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Table  IV  (o on tinned) 


Induction  Period 

Iftauti 1  atwtMta 


Uranyl  nitrate,  0.502  g. 

Mandelio  aoid,  0.152  g. 

Methylene  blue,  3</*tel0~°  g»  0»59 

Ur any  1  nitrate,  0.200  g.  (0.2  millimole)  0i46 

Uranyl  Nitrate,  0.201  g. 

Mandelie  Aoid,  0,031  g.  (0.2mm)  Ii03 

Uranyl  nitrate,  0.201  g.  c 

Methylene  blue,  3.74xl0~6  g.  0i54 

Uranyl  nitrate,  0.201  g. 
nandelio  aoid,  0.031  g.  , 

liethylene  blue,  3*7/**10“°  g.  liO? 


Experimental i  To  5.0  ml.  A-5,  magnetically  stirred  in  red  light 
in  a  20  ml.  beaker,  there  was  added  the  quantities  of  material  listed 
above,  dissolved  in  a  total  of  1.0  ml.  of  water.  (Total  volume  * 

6.0  ml.  in  each  experiment.)  Each  solution  was  irradiated  with  a 
1000  watt  tungsten  lamp  at  23  om.  When  the  gel  point  was  reached 
as  shown  by  an  abrupt  cessation  of  stirring,  the  time  to  gelation 
was  recorded  as  "Induction  Period." 

Discussion  of  Table  IV  Datat  The  induction  period  was  shorter  with 
higher  uranyl  nitrate  concentration.  Addition  of  mandelie  acid, 
methylene  blue,  or  a  combination  of  both  lengthened  the  induction 
period  over  the  range  of  concentration  at  uranyl  ion  atudiad. 

'  The the r  the  addition  of  methylene  blue  has  sensitised  the  solution 
to  red  light  hss  not  been  determined. 

An  unknown  faotor  in  these  reactions  is  the  nature  of  the  radioal 
which  initiates  polymerization  when  only  uranyl  nitrate  is  present. 
The  induction  period  is  shortest  in  this  instance  (0i40).  Trm 
our  date  it  appears  that  the  oxidation  of  nandelio  aoid  by  uranyl 
nitrate  competes  with  ohain  initiation  and  propagation  ef footed  by 
the  uranyl  salt.  To  gain  more  insight  into  the  mechanism  of  photo- 
polymerization  sensitized  by  uranyl  salts,  we  have  atudiad  the 
photopolymsrleatlon  of  uranyl  acrylate.  When  e  solution  of  uranyl 
acrylate  is  exposed  to  visible  light,  s  white  opeque  polymer  forms. 
Evidently  the  acrylate  anion  is  oxidlzad  to  a  free  radioal  epooioa 
whioh  Initiates  the  polymerization  of  other  aerylyl  radicals  or 
aorylate  anions. 

Uranyl  acrylate  as  employed  in  our  tests  was  derived  in  either  of 
two  waysi  (a)  uranium  triomide  was  dissolved  in  acrylic  aoid,  or 
(b)  uranyl  nitrate  was  neutralised  with  sodium  acrylate.  Table  V 
lists  examples  of  the  teats. 
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Table  V 


( 


( 


VoluM  Of 

9 util 


Induction 
( Minutes « 


(a)  Uranium  tri oxide  (F>286)  0.572 

Aoryllo  acid  (vacuum  distilled, 
contains  no  inhibitor)  (7W*?2)  0.4  g. 

Wats r  10  nl.  1.0  si.  0»15 

Conoantra ticn t  2nmoles  00^+2 
par  10  nl.  water  over  4naolae 
acrylic  acid  per  10  nl.  water 


(b)  Uranium  trioxide  0.572  g. 

Aoryllo  sold,  (commercial 
grade,  contains  p-nathoxy- 
phenol  as  inhibitor)  0.4  g. 


Water 

10 

ml.  1,0 

ml. 

0tl6 

(0)  Solution  (a) 

0.5 

ml. 

Water 

0.5 

ml. 

0»27 

(d)  Solution  (b) 

0.5 

m. 

Water 

0.5 

m. 

0i26 

(e)  Solution  (a) 

0.2 

ml. 

Water 

0.8 

ml. 

Oi57 

(Polymer  formed  first  at  rear 

of  test  tube) 

0.143 

0.198 


(f)  Uraniun  tri oxide 
(GH2-*CHGONH)2CHCOai  (FW-198) 
Water 

(g)  Solution  (b) 

Solution  (f) 


(h)  Uranyl  nitrate  (PWm5Q2) 

Solution  of  sodium  acrylate 

(Solution  contains  0.720  grau  — , _ _ 

aold,  ocmnsrolal  grade,  neutralised 
with  0.620  gran  sodium  carbonate 
nonohydrate  In  a  total  of  25  nl. 
aqueous  solution) 


5 

ml. 

1.0 

ml. 

Ii05 

0.5 

ff-1. 

0.5 

ml. 

0t24 

1.004 

g. 

10 

m. 

1.0 

ml. 

0il7 

Concentration! 


2  nmoles  U02+2  )  10  nl. 

4  mmoles  aorylate)  solution 


( 
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y  (continued) 


( 


VolUDM  Of 

Solution _  §ms&m. 


Oranyl  nitrate 

0.200 

g. 

Solution  of  sodium  acrylate 
/same  as  in  (h? 

2 

ml. 

Water 

8 

ml.  1,0 

ml. 

Solution  (b) 

1.0 

ml, 

Methylene  blue  (PW- 374)  3.74  mg. 
per  100  ml,  aq.  solution 

0.1 

ml, 

Concentration j 

Methylene  bluet  10"5  mmole/O, lml. 

(k)  Solution  (a)  1.0  el 

Methylene  blue,  30  mg.  per  100  ml.  aq.  0.1  ml. 

Concentration  methylene  bluet  8x10“^  nmole/ 

0.1  ml. 


(l)  Solution  (k)  1.1  ml, 

Versene  solution,  8x1 0”^  nmole/0.1  ml.  0.1  ml. 

(contains  30  mg.  disodium  versene  (FU-372) 
dissolved  in  100  ml,  aqueous  solution) 

(m)  Solution  (b)  0,5  ml. 

Acrylic  acid  solution  (7.2  g.  oomeroial  0,5  ml, 

aorylio  acid  in  50  ml.  aq,  solution) 

Ratio  exoess  aorylio  aoidturanyl  ion  *  lOtl 

(n)  Solution  (b)  0,5  ml. 

Sodium  acrylate  solution  (7,2  g,  aorylio  0,5  ml, 

aoid,  commercial  grade,  neutralised  with 
sodium  oarbonats  monohydra te,  6.2  g.,  in 
a  total  volume  of  50  ml.  aq.  solution) 

Ratio  of  exoess  acrylate  ionturanyl  ion  *  lOtl 

(o)  Oranyl  methacrylate  solution  1,0  ml. 

(Sodium  methacrylate  (JW-108)  0,432  g, 

Oranyl  nitrate  (fv^502)  1,004  g, 

to  10,0  ml.  with  water) 

(p)  tJranyl  methaarylate  solution  (solution  1.0  ml. 

oontains  UO3*.  0,572  g,,  and  meth? 
aorylio  aoid  {F4* 86),  0,344  g, 

only  partially  dissolved  after  three  weeks 


Induction 

■  ForiodL 
(Minutest 

-St flaodftl 

It  14 

0tl8 

0:18 

0t20 

0:28 

0t27 

0:16 

2:00 


jtaaMSlMBlaJi  *  Volume  indicated  for  each  sample  was  pipetted  (in 
red  light)  into  a  test  tube  (inside  diameter  ■  i  on*,  depth  *  7*5 
on.)  whioh  was  placed  at  a  distance  of  23  om.  from  the  outer  surface 
of  a  1000  watt  tungsten  lamp,  A  glass,  water-filled  cell,  one  om. 
inside  thlokness,  was  interposed  between  the  lamp  and  the  test  tube 
to  absorb  beat.  'Ihen  the  lamp  was  turned  on,  the  induction  period 
was  measured  by  means  of  a  stop  watoh.  The  time  taken  was  that 
elapsing  until  polymer  began  to  form.  The  first  appearanoe  of  white 
opaque  polymer  showed  at  the  edge  of  the  solution  nearer  tbe  lamp. 

In  experiment  (e)  as  noted  above  the  polymer  layer  formed  first 
at  the  edge  of  the  solution  farther  from  the  lamp.  Ihe  opaque 
white  character  of  this  polymer  resembled  that  arising  from  MBA 
monomer,  rather  than  the  transparent  product  from  A-5. 

Pi  sous si on  of  Data  from  Thble  Vi  There  was  no  significant  differ¬ 
ence  between  the  induction  periods  of  samples  pbotocatalysed  by 
uranyl  acrylate  from  00- -acrylic  acid  as  compared  with  those  photo- 
catalysed  by  uranyl  acrylate  from  uranyl  nitrate  and  sodium  acryl¬ 
ate .  Moreover,  no  difference  was  observed  in  the  behavior  of  acrylate 
derived  from  distilled  acrylic  acid  (inhibitor-free)  and  commercial 
acrylic  sold  (containing  p-methoxyphenol  as  inhibitor).  The  shortest 
induction  periods  were  observed  when  uranyl  concentration  was 
highest.  A  carboxylic  acid  derived  from  acrylamide  (f )  was  less 
soluble  than  aorylio  acid  and  dissolved  less  uranium  trl oxide. 

The  presence  of  methylene  blue  (k),  (1)  bad  no  appreciable 
effeot  on  the  Induction  period.  Excess  aorylio  acid  or  acrylate 
ion  (■),  (n)  did  not  materially  affect  the  induction  period — 
compare  (d).  Semples  of  solutions  (a),  (b),  (f)  and  (h)  have  not 
polymerised  in  the  abeenoe  of  light  during  a  two-month  test  period. 
Methaorylio  acid  dissolved  uranium  trioxide  at  a  slower  rate  than 
aorylio  aoid. 

*>•  gated  iMBCt  sL  Primrl  flalto 

To  take  advantage  of  some  of  the  relatively  short  induction  periods 
listed  in  Table  V  we  require  a  carrier  or  binder  that  is  compatible 
with  uranyl  salts.  A  hardening  reaction  takes  place  between 
uranium  nitrate  and  PVF  (20688).  The  test  recipe  consisted  of  FVP, 
3*75  end  uranyl  nitrate,  0,502  g. ,  brought  to  12.5  ad.  with 
water.  A  remix  of  this  formulation  whioh  included  MBA,  0.5  g., 
became  hardened  in  the  smae  manner  when  the  uranium  salt  was  added, 
neither  formulation  could  be  ooated.  Combination  of  uranyl  nitrate 
with  each  of  several  organio  acids  also  hardened  or  thickened  FVP, 

In  reoipe  20713,  formic  aoid  (F*»46),  0,051  g.  wae  added  to  0.502  g» 
uranyl  nitrate,  0.5  g.  MBA  and  3.75  g.  PVF  in  12.5  eolation. 

Lactic  aoid  (F-NJO),  855«  aq,,  0.1  ml.  was  added  to  the  eeae  quanti¬ 
ties  of  uranyl  nitrate,  KBA  and  FVP,  to  give  20719.  Mandelio  mold 
(fW»152),  0.304  g,  in  reoipe  20705.  *leo  a  double  quantity,  0.608  g., 
in  reoipe  #0706,  were  added  separately  to  uranyl  nitrate  0,502  g, , 
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MBA,  0.500  (..  and  FVP,  3.75  g*»  the  solution  being  brought  to  12*5 
ml.  with  water.  In  reoipe  #0?38,  aorylio  sold  (FW-72),  0.144  g.  me 
added  to  uranyl  nitrate,  MBA  and  FVP.  All  these  eolations  beosme 
hardened  almost  at  onoe  when  the  ingredients  were  mlmd.  There  was 
no  hardening  observed  when  pure  uranyl  formate,  0.360  g.,  ms  added 
to  MBA,  0.500  g.,  and  PVP,  3.75  g.,  in  12.5  solution.  Likewise 

uranyl  aoetate,  0.424  g.,  added  to  FVP,  3.75  g.,  in  12.5  ML.  solu¬ 
tion  produced  no  hardening.  In  a  number  of  other  tests  uranyl 
nitrate  was  mixed  with  the  atoiohioaetrio  equivalent  of  the  sodium 
salts  of  organio  aoids  as  listed  in  Table  VI. 


Recipe 

#0715 

Table  VI 

Salt 

Sodium  formate 

66  0.136  g. 

#0696 

Sodium  aoetate  trihydrate 

136  0.272  g. 

#0720 

Sodium  laotate 

(Solution  prepared  from 
sodium  carbonate  monohydrate, 
0.124  g.,  and  laotio  acid, 

85$  aq.,  0.19  MI.) 

(Solution  prepared  from 
sodium  oarbonate  monohydrate, 
0.124  g.,  and  mandelio  aold 
(P.f-152),  0.304  g.) 

#0716 

Sodium  mandslate 

These  combinations  of  uranyl  nitrate,  0.502  g.,  and  the  respective 
sodium  salt  did  not  harden  the  PVP  colloid  (3*75  g.)  in  the 
presence  of  MBA,  0.500  g. ,  made  up  to  12.5  ml,  solution  with  water. 

The  effect  of  pH  alone  on  PVP  me  checked,  a  1C $  aqueous  ablution 
of  uranyl  nitrate  showed  a  pH  of  2.1.  Tb  a  PVP  ablution  (3*75  g. 
in  12.5  ml.  solution)  without  added  uranium  salt  there  wee  added  6N 
nitric  acid  (0.33  ml.),  whioh  lowered  the  pH  to  1.5*  There  me  no 
hardening  notion.  It  is  the  cross-linked  uranyl -polyvinylpyrroli¬ 
done  complex  whioh  appears  to  be  pH  sensitive. 


A  number  of  uranyl  salt-WHA  coatings  were  prepared  using  FVP  ee 
binder.  In  ell  oases,  long  exposures  (three  minutes  or  more)  were 
required  to  produoe  a  resist  after  water  wash.  TWo  of  the  tested 
formulations  are  listed. 


Tihlt  VH 


Polyvinylpyrrolidone,  K-30,  Antara 
MBA 

Uranyl  aoetate  (IW* 424) 

Uranyl  nitrate  (y.<N5Q2) 

Sodium  acrylate,  aq.* 

Water,  to 


.iofiaa-. 

3.75  g. 
0.5  g. 

0.424  g. 


12.5  ML. 


-jflzai.- 

3.75  g. 
0.5  g. 

0.502  g. 

5.0  ML. 
12.5  ML. 


*  Solution  consists  of  acrylio  add,  commercial  grade,  0.720  g. 
and  aodlua  carbonate  monobydrate,  0.620  g.t  dissolved  in  25  ml. 
aqueous  solution. 

The  formulations  were  ooated  on  baryta  paper  and  allowed  to  dry  in 
red  light.  Samples  were  exposed  through  a  negative  for  five  minutes 
to  the  light  from  a  375  matt  tungsten  lamp  at  16  inches.  Washout 
showed  a  faint  image  in  eaoh  ease. 

Hydroxyethyl  cellulose  (Natrosol)  was  not  hardened  by  uranyl 
nitrate.  It  served  as  a  carrier  by  means  of  which  the  accelerating 
action  of  a  few  organic  compounds  was  tested.  Ihe  more  effective 
recipes  are  listed  in  Table  VHt. 


Table  VHI 


*0687 

#0724 

#0725 

Natrosol,  250L 

0.625  g. 

0.625  g. 

0.625  g. 

MA 

0.500  g. 

0.500  g. 

0.500  g. 

Uranyl  nitrate  (FW«502) 
Forado  Acid,  9$ 

0.502  g. 

ew 

0.502  g. 

0.05  ml. 

0.502  g. 

Dextrose,  anhydrous 

• 

- 

0.540  g. 

Uranyl  acrylate* 

- 

- 

Sodium  acrylate,  aq. 

- 

- 

- 

Water,  to 

12.5  ml. 

12.5  ml. 

12.5  ml. 

Exposure  required i 

30  seoonds 

30  seoonds 

15  seoonds 

ftggfc  ■  -  _  — ffiZii 


Natrosol,  250L 

0,625  g> 

0.625  g. 

0.625  g. 

NBA 

- 

0.500  g. 

0.500  g. 

Uranyl  nitrate  (F.*»502) 

0.502  g. 

m 

0.502  g. 

Formio  acid,  90J* 

- 

m 

- 

Dextrose,  anhydrous 

tm 

. 

- 

Uranyl  aorylate* 

- 

0.412  g. 

• 

Sodium  aorylate,  aq. 

5.0  ml.*** 

- 

2.5  ml.** 

Water,  to 

12.5  ml. 

12.5  ml. 

12.5  ml. 

Exposure  required! 

3  minutes 

15  seoonds 

30  seconds 

•From  OOj,  1.144  g.and  acrylic  acid,  0.8  ml.,  in  5  ml.  water.  Ihe 
undissolved  uranyl  acrylate  was  filtered  in  red  light  and  dried. 

••Contains  acrylic  acid  (oommsroial  grade).  1.44  g. ,  and  sodium 
oarbonate  monohydrate,  1.24  g..  in  25  41.  aqueous  solution* 
••♦Acrylio  sold  (oommsroial  grade),  0.720  g*.  and  sodium  oarbonate 
monofaydrato,  0*620  g.,  in  25  ml.  aqueous  solution. 


The  formulations  mn  ooated  and  tasted  in  tea  aaaa  maimer  at  teeaa 
dasoribad  in  table  VII,  tea  minimum  exposures  as  tahnlsted  iadlaate 
sons  aooelsratlng  nation  bgr  dextrose  W0725).  Vara  uranyl  aorylata 
also  forme  an  effsotive  rasips  (#0753)* 

ftriB  JatottflBi  flflittnw 

Carlo  acrylate  solution  behaves  In  sons  raspaota  Ilka  uranyl  acrylate 
whan  aapossd  to  light.  A  solution  was  prepared  in  rad  light  as 
follows i 


Carle  aanonium  nitrate  (7W^5b6)  1.096  g. 

Aorylio  aold  (r-^72)  (OC  White  Label)  0.576  g. 

Water,  to  10  ml. 

Exposure  of  1.0  hi.  of  solution  to  a  1000  watt  tungsten  laiqp  at 
23  on.  produced  an  opaque  polymer  in  one  minute  flea  seconds. 

A  control  solution  consisted  of 

Carlo  a— onlun  nitrate  1.096  g. 

MA,  4  g.  par  100  ad.  aq.  10  nl. 

Exposure  of  1.0  hi.  of  tbs  control  solution  for  a  period  of  ten 
minutes  (sane  light  source)  showed  no  reaction. 

tea  stored  oerio  aorylata  solution  dasoribad  above  showed  tea 
deposit  of  a  white  preolpltate  after  several  hours,  tee  nature 
of  this  material  is  not  known.  Dilute  nitric  add  dissolved  sons 
of  the  material  with  the  formation  of  a  yellow  solution,  tels 
suggests  that  carlo  oxide.  Cafe,  forma  part  of  the  deposit.  Polymer 
was  absent  so  far  as  oould  be  determined. 

Another  test  solution  contained 

Carlo  Mammiiim  nitrate  1.096  g. 

Hsthserylic  add  (7fc*«S6)  0.688  g. 

Water,  to  10  ml. 

tela  solution  produoed  a  voluminous  whits  precipitate  while  stored 
In  rad  light  for  a  few  minutes.  CM  dation  of  the  organic  compound 
is  probably  taking  plaos. 

Carlo  oxide,  OeOj,  did  not  dissolve  in  aorylio  a old.  Carlo  acrylate 
as  a  oonssqosnos  oould  not  be  prepared  from  the  oxide  as  was  wwgrl 
aorylata  Aram  OOj, 

Addition  of  a  solution  of  oerio  ssammium  nitrate  to  a  solution  of 
sodium  aovylate  caused  precipitation  of  oorle  oxide  at  this  pH. 
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It  was  found  possible  to  pro pare  a  ooatlng  of  carlo  acrylate  aa 
follows » 


FVP  3.75  g. 
ISA  0,5  g. 
Acrylie  aoid  (Fft*72)  (.IK  White  Label)  1.44  ml. 
Ceric  ammonium  nitrate  (FW*548)  0.548  g. 
'later,  to  12*5  ml. 


The  solution  was  ooated  in  red  light  on  baryta  paper  and  allowed  to 
dry.  exposure  of  a  sample  through  a  negative  for  five  seconds  to  the 
usual  light  souroe,  followed  by  washout,  showed  a  resist  image. 

The  coating  has  been  stable  in  the  dark  for  over  nix  weeks. 

3.  Formation  of  Colored  Imaras  in  Order  to  Lllwinate  Incorporation  of  Qna 
in  Coatings 

a.  Colored  Images  Resulting  from  Dye-Radical  Interaction 

As  a  continuation  of  the  work  described  in  Section  D.2.a.  of  Final 
Report,  November  15,  1962*.  February  14,  1963,  we  prepared  the 
{  leuco  base  of  "thiophene  green"  (also  called  "thiophene  malachite 

green" The  objective  of  this  research  was  the  formation  of  a 
colored  image  during  exposure  of  a  light-sensitive  ferric  salt. 

Zinc  chloride  (10  g.)  was  fused  in  a  porcelain  evaporating  dish, 
oobled  and  powdered.  It  was  then  added  to  a  mixture  of  25  g.  di- 
methylaniline  and  10  g.  thlophane-2-aldehyde .  The  mixture  was  heated 
on  the  eteam  bath  with  frequent  stirring  for  four  hours.  Water  was 
then  added,  liquefying  the  viscous  mass,  and  the  hot  liquid  wae 
poured  into  a  5 00  ml.  round-bottom  three-necked  flask.  Steam  dis¬ 
tillation  was  oarried  out  until  droplets  of  oil  no  longer  came  over. 
The  suspension  in  the  flask  was  cooled  end  the  water  removed  by 
decantation  as  much  as  possible.  The  solid  was  now  dissolved  in 
hot  ethanol  and  the  solution  filtered  hot,  removing  e  green  residue. 
The  alcoholic  solution  was  kept  under  refrigeration  overnight.  Ihe 
product  wee  a  gray-green  solid.  Seven  grams  were  obtained  from  the 
firat  crystallisation  and  an  additional  gram  from  the  mother  liquor 
after  it  had  stood  another  day.  A  sample  reoryetallised  from  hexane 
melted  at  94°-95°  C.  (lit.  92°-93°  C.)W, 

igu-o  *  0"<cV2  sa«->  <<wO§o»<<»3>2 

J 
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Sample*  of  this  louco  base  were  tested  in  costed  layers  as  follows i 


am  ix 


30674  _ 

.■0677 

30678 

4C679 

Polyvinylpyrrolidone 

K-30 

Bensilie  aoid. 

7.5 

g. 

7.5  g. 

7.5  g. 

7.5  g. 

7.5  g« 

recrystallisod 

«e 

. 

0.228  g. 

- 

tm 

0.228  g.; 

Oxalic  aoid 

ee 

- 

0.090  g. 

- 

- 

Leuoo  base  of  thiophene 

malachite  green 
(FVW215) 

0,054 

g. 

0.054  g. 

0.054  g. 

0.054  f. 

0.054  g. 

Hydrochloric  acid, 

IN 

Ferrio  ammonium 

0.50 

ml. 

0.50  ml. 

0.50  ml. 

0.50  ml. 

0.50  ml. 

sulfate  dodeca- 
hydrate 

0.015  g. 

0.015  g* 

0.030  g. 

0.030  g. 

Water,  to 

25 

ml. 

25  ml. 

25  d. 

25  ml. 

25  «1. 

Color,  unexposed 

costing 

’hits 

Faint 

Light 

Dark  green 

Faint 

green  tint 

green 

green  tint 

Three-minute 

exposure 

No  image 

Croon 

Green 

No  image 

Oreen 

print-out 

print-out 

visible 

print-out 

(Recipes  costed  and  tested  in  the  asms  manner  as  those  in  Table  VUI.) 


fillffljllflB  at  UBl  IX  Ott>»  resistance  to  air  and  li*ht  of 
leuco  thiophene  green  hydrochloride  has  bean  noted  by  Armstrong 
and  Grant'/'.  Ferric  ion  not  oomplexed  with  an  organic  aoid 
oxidised  the  leuoo  dye  to  its  colored  farm  in  the  dark  (J0679). 
Ferric  ion  in  combination  with  excess  oxalio  aoid  (102  molar 
ratio)  effected  a  gradual  oxidation  of  the  leuoo  dye  in  the  dark 
as  the  coating  aged  (>06?8).  The  benailate  coatings  (>067?  and 
30680)  required  approximately  the  seme  exposure,  although  the 
iron  oonoontrations  varied.  The  color  of  the  unexposed  coating 
was  not  white  ee  in  the  case  of  >0674.  However,  there  wee  no  par- 
oeptible  increase  in  odor  density  of  the  unexposed  coating  during 
a  tan-day  period.  The  fact  that  the  leuoo  thiophene  green  in  com¬ 
bination  with  ferrio  benailate  does  not  become  oxidised  to  the 
colored  form  in  the  absenoe  of  light  is  an  enoouraging  feature  of 
the  system.  The  rate  of  print-out  in  light  is  cooperatively  alow. 

b.  Photoformation  of  Peroxide  with  Leuoo  Crretal  Violet 


These  teats  represent  a  continuation  of  work  dssaribod  in  Section 
D.2.a.  of  Final  Report,  November  15,  1962  -  February  14,  1963.  The 


object  mi  to  determine  whether  *  par  compound  vaa  formed  in  appro* 
oiablo  oonoontration  when  cortain  leuoo  dyes  aro  oxidised  by  light. 
The  formation  of  a  par  oompound  in  proportion  to  light  exposure 
would  in  tho  prosanot  of  ferrous  ion  and  monomer  produea  a  polymeric 
inaga  during  irradiation. 

The  photo-oxidation  of  certain  leuoo  dyes  (a.g. ,  leuoo  orystal 
violet  hydrochloride)  to  tho  oolored  dye  form  is  known  to  taka 
plaoe  in  the. absence  of  other  photocatalysts  (suoh  as  farrle. 
salt).  Gros'®'  believed  that  peroxides  were  formed  in  traoes 
when  the  leuoo  dye  was  photo-oxidised. 


XattjJt 


>0669 

>0684 

>0690 

>0704 

Polyvinylpyrrolidone 

3.75  g. 

3.75  g. 

3.75  g. 

3.75 

g* 

iSA 

- 

0.5  g. 

0.5  g. 

0.5 

g. 

Leuoo  base  of  orystal 
violet*  recryatal- 

Used  from  hexane 

0.04?  g. 

0.047  g. 

0.047  g. 

0.047 

g. 

Hydroohlorio  acid,  IN 

0.38  ml. 

0.38  ml. 

0.38  ml. 

0.38 

ml, 

Ferrous  ammonium  sul- 

fate  (FJ«392) 

- 

- 

0.049  g. 

0.025 

g. 

Water,  to 

12.5  ml. 

12.5  ml. 

12.5  ml. 

12.5 

ml, 

*F*=374 


Solutions  were  ooated  in  red  light  and  allowed  to  dry.  Samples  of 
all  four  recipes  were  exposed  to  the  light  from  a  375  watt  reflector 
lamp  at  16  inches  for  a  period  of  three  minutes.  Blue  print-out  was 
evident  in  all  oasee.  Washout  with  water  (4<£>50°  C.)  showed  a 
resist  image  in  two  samples  (>0690,  >0704) .  The  other  washed 
samples  showed  dye  In  the  exposed  areas  but  no  relief  image* 

The  results  are  interpreted  ae  indicative  of  tome  polymer  formation 
during  exposure  of  the  samples  containing  ferrous  ion.  The  nature 
of  the  photoformed  per  oompound  is  not  known* 

«•  Qwtotanmttm  aL  Ftrrts 

the  chelate  ferrie  aoetylacetonate  has  a  red  eolor.  T7e  have 
earlier  proposed  that  aoetylaoatone  be  photoformed  in  a  ooated 
layer.  This  could  in  theory  be  effected  by  the  photodeoompoeltion 
of  the  ferric  salt  of  1,3  dihydroxy  1,3  dimethylglutario  sold* 
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0  CH-! 


CHo  0 

*  ^  ii 


3 

|l  i  H 

liO- C-C -C  — C— 0— CH  +  4FeCl« 

1  H  1  3 

OK 


llaht^ 


0  0 

II  H  j| 

CH3-C  — C  -  C  — CH3  +  4FeCl2  +  4Hd  +  2CO2 


Although  ferrous  Ion  is  formed  which  does  not  form  a  colored  com¬ 
plex  with  aoetylaoetone,  we  balieve  that  aerial  oxidation  of 
ferroue  to  ferric  would  taka  place  within  a  short  time  after 
exposure. 

The  desired  add— 1 ,3  di hydroxy  1,3  dimethyl  glutarlo  acid — wa* 
synthesised  by  the  method  of  Zelinsky'9'.  2,4  Pentanedione,  20  g., 
was  added  dropwise  with  stirring  to  a  solution  of  potassium  cyanide, 
2 6  g.,  in  20  ml.  of  water.  The  temperature  was  not  allowed  to 
exceed  lj°  C.  A  precipitate  of  potassium  salt  formed.  This  salt 
was  rediaaolved  by  the  dropwise  addition  of  40  ml.  water,  with 
stirring  and  oooling  (  15°  C.).  Next  concentrated  hydrochloric 
aoid,  17  ml.,  was  added  with  oooling  (  15°  C.),  thereby  precipi¬ 
tating  the  bisoyanhydrin.  Ihis  material  was  filtered,  washed  with 
cold  water  until  white,  and  dried  on  a  suction  funnel.  Melting 
point  was  134-1360  C,  It  was  not  re crystallized.  The  yield  is 
practically  quantitative. 

0  0  OH  GH 


CHj-  C-C^-- 


II 

C-OKj 


+  KCW 


CILj-  C  -  CHg—  C  -CHj 


CN 


L 


The  bisoyanhydrin  waa  now  converted  to  the  "laetonio  aoid”  as 
follows.  Concentrated  hydrochloric  aoid,  17  ml.,  waa  added  to 
the  dry  bisoyanhydrin  in  an  evaporating  dish  under  the  hood. 

The  solution  evolved  beats  it  was  allowed  to  cool  and  stand 
overnight.  Later  it  was  evaporated  to  dryness  on  tbs  steam 
bath,  and  extracted  with  ether.  Extraction  with  seven  300  ml. 
portions  of  dry  ether  yielded  7.2  grams  laetonio  aoid  after 
evaporation  of  the  ether  in  vacuo.  Malting  point  of  the  product 
was  192°-193°  C.  It  was  not  rsarystallised. 


OH 


OH 

I 


COCH 


CK-— C-CH.-C-CK- 

y  1  z  |  y 

C!1 


+  2HC1  + 


CHj-C-CKj-C-CHj 


Bisoyanhydrin 


C - 0 

» 

0 

Laetonio  aoid 


2NH4CI 
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The  lactonio  told,  also  termed  the  monolactone,  mi  now  distilled 
at  atnoepherio  pressure,  using  a  Wood's  natal  bath  for  heating. 

At  a  atlilhaad  temperature  of  235°-260°  C. ,  tha  dllaotona  oollaotad 
in  tha  oondanaar.  The  produo t  was  waabad  with  oold  wat ar  on  a 
Buohner  furmal  to  remove  traoae  of  a  fallow  oil*  It  had  a  Malting 
point  of  103°-104°  C.  1,7  g.  dllaotona  vara  obtainad, 

OH  COCK 
I  H  I 

CHo-C— C-  C— GH-*  _ > 

U4 


o  —  c  B0 

I  B  ! 

CK,-C~C-C  -Clio 
3  |  H  |  3 

c — o 

I 

0 


Lao tonic  acid 


Dllaotona 


Tha  dllaotona  (1*7  g»)  was  boilad  thraa  hours  (raflux  oondanaar) 
with  potaaaiua  hydroxide  solution  (1,34  g,  KOH  In  50  ml.  watar). 
It  was  than  ooolad  and  nau trail aad  with  4  al,  sulfuric  acid,  till. 


-detraction  of  tha  aolution  with  ona  Utar  of  other  In  100  al. 
portions  yielded  0.85  g.  of  the  dihydroxyacid,  m.p.  107°-110°, 
Zelinsky  raportad  103°-104°  C.W. 


0 - C»0  HO  COOK 

II  !  I 

C-CK3  +  2KCB  - )  cu^  -c-a^-  c -ca^ 

c - i  cook  la 

& 

Tha  sold  waa  included  In  tha  following  coatings t 

-  fflfitt-. 


joan. 


Natroeol  25CL 

0.312  g. 

0.312  g. 

WBA 

0.125  (• 

0.125  g. 

Ferric  ammonium  sulfate  dodeeahydrate 

0.361  g. 

0.723  f. 
(1.5  "0 

(0.75  «») 

1.3  Dihydroaqr  1,3  dimethyl  glutarlo 

acid  (IW  -  192) 

0.072  g. 

(0.375  ■>) 

0.072  g. 

A— oniam  hydroxide,  1M 

0.75  «0U 

0.75  * 

Water,  to 

6.25  al. 

6.25  al, 

The  solutions  wars  ooatad  on  baryta  paper  in  rad  light  as  usual* 
Tost  samples  wars  exposed  10  oeoonds  to  tha  usual  light  eouroa, 
immersed  In  hydrogen  peroxide,  l£,and  washed  out.  A  resist 
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remained  In  Moh  case.  Several  exposed  atrip*  war*  stored  in 
the  dark  room  end  in  a  50°  oven,  bat  did  not  develop  the  desired 
color  within  several  days* 

j3u*  to  the  tendency  of  the  sold  to  laotonis*  at  room  temperature 
as  reported  by  Zelinsky,  there  is  a  consequent  loss  of  light 
sensitivity  of  the  ferric  salt.  The  formation  of  a  single  laotooe 
ring  means  that  the  compound  is  no  longer  an  alpha  hydroxy  add. 

The  faet  that  our  test  strips  gave  images  with  10  seconds'  exposure 
indicates  that  we  had  considerable  free  acid  in  the  ooating.  In 
making  additional  coatings,  we  plan  to  increase  the  concentration 
of  the  acid.  This  should  have  the  double  effeet  of  increasing  ooat¬ 
ing  speed  and  of  producing  more  aeetylaeetone  (pentanedione)  after 
exposure. 

d.  Solaced.  ioIyaoriAw  Qalarltaa  munkm 
WePMfrftylgnaWManajBia*  PwlYittm 

One  approach  to  the  developnsnt  of  a  dry  prooeasable  photographic 
system  based  on  photopdywerisation  is  predicated  on  the  formation 
of  color  as  a  consequence  of  polymerisation,  as  outlined  in  the 
previous  Quarterly  Report  (Section  D-6),  the  preparation  and 
evaluation  of  vinyl  monomere  having  a  color  forming  moiety  present 
in  the  molecule  was  undertaken  as  an  initial  step  in  this  general 
approach  to  dry  prooeesing.  At  that  time,  the  synthesis  end 
evaluation  in  the  iron-peroxide  photopolymarl sation  system  of 
several  acrylamide  and  methacrylamide  derived  odor  former 
monomers  were  reported.  These,  and  related  examples  desoribed  in 
the  patent  literature,  are  all  obtained  by  aorylation  or  methaoryla- 
tion  of  amino  substituted  color  coupler  nuclei  of  the  type  widely 
employed  in  conventional  photography.  None  of  the  monomers  was  of 
the  di vinyl  or  cross-linking  type.  H ,N 1 -hethylenebisaarylamide ,  a 
divinyl  crojs-linklng  type  of  monomer,  has  proven  to  be  superior 
to  acrylamide  in  a  number  of  photopolymerlsation  systems  developed 
in  the  Ansoo  Laboratories  in  that  its  use  generally  leads  to  bettor 
shelf  stability  (resistance  to  autopolymerl sation)  and  better 
insolubility  of  the  photoresist  image  at  lower  monomer  concentra¬ 
tions.  In  hope  of  conferring  these  desirable  properties  to  odor 
former  monomers,  the  preparation  of  N ,N • -me thylenebisacrylanide 
derivatives  of  odor  former  molecules  was  attempted.  The  fallowing 
reaction  utilised  in  the  corner  ole  1  preparation  of  N,W>-m*thylan*- 
bisaorylamids  from  acrylamide  and  formaldehyde' 10>  was  ahosan  aa 
the  basio  reaotion  for  tha  synthesis.  0 

ii+  I 

R— CHO  +  ~ }  (CH2»CiI~C-NS)2-OBR 


■fhsn  R  *  *  bent oylaoetanilide ,  pyrasolone  or  phenolic  nucleus 
oxidative  coupling  with  a  p-*raino-F ,N-dialkylaniline  color 
developer  loads  to  a  yell  o' r,  magenta  or  cyan  dye,  respectively. 

The  synthesis  of  a  cyan  dye  forming  monomer  in  which  the  R  of  the 
above  equation  is  equal  to  a  2-hydrcotyphenyl  group  was  accomplished 
by  the  following  procedure* 

.  a  solution  of  aoryl- 
amide  (28.4  g.,  0.4  mole)  and  salieylaldeiiyde  (24.2  g.,  0.2  mole) 
in  60  ml.  of  ethylene  dichloride  containing  2  ml.  of  concentrated 
hydrochloric  aeid  was  stirred  at  ambient  temperature  under  nitrogen 
for  13  hours.  The  reaction  mixture  was  then  refluxed  for  one  hour, 
chilled  in  en  iee  bath  and  filtered.  The  crude  product  was  than 
washed  successively  with  water  and  ether  to  remove  unreacted  start¬ 
ing  material  and  rearystallioed  from  methanol.  Five  grams  (lOl) 
of  a  odorless  solid,  m.p.  217°,  were  obtained. 

Analysis:  Caloulated  far  Ci^io^O*:  C,  63.40;  H,  5.73;  #,  11.37. 

Found:  C,  63.13,  63.25;  H.  5-54.  5.72; 

N,  11.66,11.27. 

Infrared  analysis  was  also  consistent  with  the  proposed  structure. 

The  following  formulations  were  coated  on  paper  base  for  trial  of 
the  new  odor  former  monomer  in  the  iron-peroxide  pbotopdyaerlza- 
tion  system. 


Gelatin,  Atl.  10299,  1Q$ 

£thand,  951 

Ferric  ammonium  citrate,  brown,  361 
K ,N  * -( o-Hydroxybenaylidene ) -biaaorylamide 

N ,N » -xathylenebisaorylamide 

Saponine,  8  > 


^1«,v177t8 

30 

ml. 

30  ml. 

30 

mil. 

30  ml. 

2 

ml. 

2  ml. 

0.50  g. 

- 

(2  mmole) 

0.31  g. 

0.5 

ml. 

(2  made) 
0.5  ml. 

Approximate  minimum  expoeures  wore  determined  by  trial  and  error 
exposures  using  a  375  watt  photoflood  at  15  inches  as  the  light 
a  cures  and  processing  in  1,1  hydrogen  peroxide  prior  to  washout  with 
warm  water.  Both  177-A  end  177-8  were  estimated  to  have  the  same 
minimum  exposure  of  15  seoonds  for  formation  of  s  photoresist. 

Whan  costing  177-A  was  processed  in  tbs  following  sequence  — 

(l)  1 1  H2O9,  (2)  wash,  (3)  2$»  4.  amino  H  sthyl-H-(-^B-hydroxystfayl)- 
aniline,  (4)  Z’>  amtonian  persulf a ta-sodium  carbonate  —  a  deep  blue 
photoresist  iasgs  was  obtained.  As  usual  with  paper  bass  costings 
subjected  to  oolor  development,  considerable  background  stain  was 
evident. 


The  polymeric  indoaniline  cyan  dye  presumed  to  be  formed  In  the 
photoresist  ia  of  the  following  structure. 


CONH-Ch 


-fCH-CHgj- 


-IJHCO 


n 


Having  thus  denonetrated  the  feasibility  of  this  type  of  color 
former  monomer,  the  synthesis  of  a  be nzoyla c e tanilide  (yellow) 
and  a  5-pyrasolone  (magenta)  substituted  methylenebisacrylanicle 
was  undertaken.  A  cursory  search  of  the  color  former  intermedi¬ 
ates  available  in  the  Anaoo  Laboratories  and  of  the  related  litera¬ 
ture  failed  to  turn  up  any  formyl  substituted  benzoylace tanilide 
or  5-pyraiolone  intermediates  for  condensation  with  acrylamide  as 
indicated  in  the  general  equation  above.  Accordingly,  the  syn- 
t heels  of  4-fornylbensoylaeetanilide  was  undertaken.  The  conven¬ 
tional  synthesis  of  the  ben soy lace tanilide  structure  entails  the 
condensation  of  ethyl  bensoylaoetate  with  an  aniline  derivative. 


jT\ A  H 

^  _  HJ-Cttj”  C-C^ 
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However,  the  straightforward  preparation  of  4-formylbenaoyl- 
aoetanilida  by  oondenaatlon  of  ethyl  bensoylaoetate  with  4-amlno- 
bsntaldshyds  is  precluded  by  the  lack  of  stability  of  4-aadno- 
benaaldehyde  due  to  its  rapid  intsrmolecular  polycondensation 
to  a  resinous  Schiff  bass.  It,  tbvefore,  becomes  necessary  to 
blook  the  aldehyde  function  with  a  group  that  conveniently  osn  be 
removed  after  the  aoetanilide  condensation.  For  this  purpose 
the  cyclic  acetal  (1,3  dloxolane)  resulting  from  the  reaction 
of  ethyleneglycol  with  the  aldehyde  was  prepared,  2-(4-Hltro- 
phenyl)-!  ,3-dioxolane  was  prepared  by  the  method  of  Hibbert 
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and  Sturrook(U)  and  oatalytloally  hydrogenated  to  2-(4-amino~ 
phenyl )-i,3-dioxolane  using  a  platinum  catalyst  in  athanol.  The 
amine  ’fas  then  condanaad  with  athyl  benaoylaoetate  in  refluxing 
xylene.  2-(4-Benzoylaoetanilide)-l ,3-dioxolan«  vac  obtained 
after  reoryatalllcation  from  ethanol  as  a  yellow  crystalline 
solid,  m.p,  124°-125°.  Hydrolysis  of  this  compound  under  the 
conventional  conditions  for  the  hydrolysis  of  the  1,3-dioacolanes 
to  the  corresponding  aldehyde  (reflux  with  hydrochloric  add  in 
aqueous  athanol)  gave  a  resinous  orange  solid  which  melted  over  a 
vide  range  and  oould  not  be  further  purified.  A  fuchsin  aldehyde 
test  vas  negative,  and  infra-red  analysis  failed  to  indicate  the 
presence  of  formyl  hydrogen  in  the  molecule. 


This  approach  vas  abandoned  at  this  point  and  the  Stephen  reduc¬ 
tion  of  4-cyanobenzoylaoetanilide  vas  attempted  as  indicated  in 
the  following  equation) 


0 


H 

C-NH 


4-Cyanobenzoylaoetanilide  was  readily  obtained  by  condensation  of 
4-amlndbenaonitril*  with  ethyl  benzoylacetate  in  refluxing  xylene. 
The  reduction  was  carried  cut  according  to  the  procedure  of 
Stephen' ^/end  appeared  to  go  smoothly  to  the  formation  of  the 
iiaine  stannic  chloride  complex.  Hydrolysis  of  the  ocaplax  salt 
with  boiling  water  in  a  nitrogen  atmosphere  gave  an  orange  solid 
which  rapidly  hardened  to  an  intractable  resin  on  keeping  over¬ 
night  in  e  vacuum  desiccator. 


Finally,  an  attempt  was  made  to  block  the  formyl  group  as  the 
oxime  which,  as  in  the  ossa  of  the  cyclic  acetal,  should  be 
oapable  of  hydrolysis  to  the  free  aldehyde  after  the  acetanilide 
condensation.  p-Hi trobensaldoxlme  was  prepared  by  the  method  of 
Gabriel  and  Herrberg^1’'  and  reduced  to  p-aalnobenzaldoxlme  with 
ammonium  polysulfide.  The  amine  was  then  condensed  with  ethyl 
benzoylacetate  in  refluxing  xylene  yielding  e  light  yellow  solid, 
m.p,  170  -172°,  presumed  to  be  4-cximlnobensoylaeetanllide. 


COCHjjCC^CgH^ 


xylsnt 
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NH  -y^- 
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k  negative  dlasotisation  teat  and  the  formation  of  a  yellow  dye  on 
oolor  develojsient  with  4-amlno«y-sthyl-»-(  /5-hydroxysthyl)  aniline 
oorroborate  the  proposed  structure.  Hydrolysis  of  thla  product  by 
the  sulfuroua  add  Method  of  Oluud'^'  yielded  a  ganeqr  reaction 
product  from  which  a  pale  yellow  eolld  was  isolated  by  extraction 
with  hot  ethanol*  After  two  reoryatallisatlone  fra*  aqueous  ethanol 
a  colorless  solid  selting  at  125°-126°  was  ob+ - ined  that  gave  a 
positive  fuohsin  aldehyde  test. 

Anal vet  Caloulated  for  C,  71*81 1  H,  5.24 

Founds  (4192-35*  C,  71.82*  71.90;  H,  5.15,  5.03 

Inasmuch  as  this  produet  (4192-35)  appeared  to  be  an  aldehyde  and 
its  elemental  analysis  la  in  agreement  with  that  of  4-foraylben*oyl- 
aoetanilide,  the  add  catalysed  condensation  with  aarylamide  was 
attested  as  follows  i  A  solution  of  4-f orBqrlbonsoylaostani  lids 
(4192-35)  (0*1  g.*  0.37  nmol)  and  aorylaalde  (0*1  g..  1.4  maols)  in 
3  Ml*  of  ethylene  dl chloride  containing  ana  drop  of  oonoentrated 
hydroohlorio  sold  was  allowed  to  stand  overnight  and  than  refluxed 
for  one  hour.  The  pals  yellow  reaction  product  that  separated  on 
cooling  was  extracted  with  water  and  ether  and  dried  in  vacuo; 
m.p.  235°-24l°.  Brial  oolor  coupling  teste  with  N-sthyl-N-C^  - 
hydroxyethyl)-anlllns  in  the  prase  not  of  potassium  persulfate 
failed  to  give  a  yellow  dye.  Ibis  failure  to  oolor  develop  and  the 
extreme  Insolubility  of  the  compound  (dlmsthylfomamid*  wee  the 
only  satisfactory  solvent  found)  nake  it  appear  unlikely  that  the 
product  Obtained  is  the  desired  N*K,-(4-bensoylaoetaadddbensylidene) 
bisaerylaadde.  This  conclusion  is  dependent  upon  the  outoone  of  the 
elemental  and  infrared  analyses  currently  on  request* 

Sfllacm  Magi  tom  flaa-Plfftrtai  gala:  ganflat 

Color  coupler  molecules  substituted  with  alkali  solubilising  groups 
and  with  a  long  chain  hydrocarbon  residue  to  render  then  non-diffusing 
have  been  found  to  be  effectively  trapped  by  the  polymer  Matrix  of  a 
photoresist  formed  by  ths  iron-peroxide  catalysed  polymerisation  of 
F ,N 1 -methylenebisaorylaadde .  This  eliminates  ths  necessity  of 

using  a  polymerisable  oolor  ooupler  to  render  the  photoresist  oolor 
developable  after  washout.  In  addition,  coating  formulation  is 
simplified  in  that  such  oolor  couplers  are  readily  soluble  as  their 
alkali  metal  salts  and  also  by  Making  It  possible  to  use  the  readily 
available  ,  F  * -me thylenebiaacrylandds  as  ths  monomer. 

Initial  trial  ooatings  containing  ths  non-diffusing  oolor  oouplers 
of  the  bensoylaostanilids  (yellow)*  pyrasolone  (magenta)*  and  phenolic 
(cyan)  classes  suffered  from  a  lack  of  adhesion  when  ooated  on  subbed 
Pies tar.  This  condition  was  corrected  by  coating  the  oolor  ooupler 
containing  formulation  over  a  thin  phot opolymeri sable  subbing  layer 
prepared  according  to  ths  following  formulations 
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Gelatin,  Atl.  10299.  15*  25  «1. 

H~0  65  *1. 

N7M ' ->«thyl#n#biaacrylamid* ^  0.4  g. 

Farrie  Annonium  Citrate,  36*,  Brown  10  ml. 

Coating*  have  been  prepared  containing  a  mixture  of  yellow,  oyan, 
and  magenta  color  ooupiere  that  yield  a  black  realat  on  oolor 
development.  The  oorreot  ratio  of  the  three  oolor  ooupiere  needed 
to  produce  a  neutral  grey  wee  determined  by  trial  and  error,  ft* 
following  formulation  gave  a  black  image  on  oolor  development  which 
had  a  maximum  deneity  of  1.3  when  ooated  on  Fleeter  bare  tubbed 
with  the  photopolymerl table  under ooat  deaarlbed  above. 

tasssiSL 


Gelatin,  Atl.  10299,  15$  25  ml. 
H2O  65  ad. 
N ,N 1 4Iathylenebisaorylamide  0.4  g. 
Ferrio  Anaoniun  Citrate,  36,1,  Brown  10  ml. 
Saponine,  BE*  2  ml. 
A~ol7,  maganta  o.f.  0.2  g. 
A-607,  oyan  o.f.  0.2  g. 
A-623,  yellow  o.f.  0.3  g. 


The  color  formers  were  solubilised  with  6N  KaCH  and  the  final  pH 
adjusted  to  6.5  with  oitrie  sold  prior  to  coating. 

Color  development  was  found  to  be  best  accomplished  by  bathing  the 
freshly  washed  costing  in  a  2-5*  aqueous  ablution  of  4-amlno-M- 
sthyl-N-(/3  -hytlrcocy thyl)anlline  followed  by  immersion  in  a  2# 
solution  of  ammonium  persulfate  containing  2  g.  of  sodium  carbonate 
per  100  ml. 

A  further  simplification  of  this  system  was  achieved  by  the  direet 
incorporation  of  oolor  developer  in  the  pho  topolymeri table  coating, 
thus  eliminating  one  of  the  processing  solutions.  No  loss  in  speed 
was  noted  as  a  result  of  the  p-phenylenediaadn*  derivative  in  the 
ooatlng.  A  second  processing  ablution  can  be  eliminated  by  combin¬ 
ing  the  peroxide  end  persulfate  baths 1  however,  the  stability  of  the 
mixed  bath  is  limited  to  approximately  15  minutes  due  to  exhaustion 
of  the  hydrogen  peroxide  by  interaction  with  persulfate. 

Coatings  containing  the  proper  balanoe  of  yellow,  oyan,  and  maganta 
ooupiere  yield  blaok  racist  images  of  good  optioal  density  ty  this 
procedure.  Thus  the  following  ooatlng  formulation  gave,  after 
processing  in  hydrogen  peroxide  and  alkaline  potassium  persulfate, 
a  blaok  resist  which  had  a  maximum  density  of  5. 
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Q el* tin,  Atl.  10299.  15i* 

K 

rSSA 

Ferrlo  Armonlun  Citrate.  36}J,B|pown 
A-607,  cyan  o.f. 

A-617,  magenta  o.f. 

A-620,  yellow  o.f. 
4^Aicino-H-JthjrL.M-^  -hydroxys thyl) 

aniline •^H2so4 


25  ml. 
65  ml. 
0.4  g. 
10  ml. 
1  g. 

1  E* 

1  g. 

3  g. 


Sufficient  6N  Kadi  added  to  solubilise  the  color 
farmers.  Final  pH  at  ooating.  7.0. 


The  shelf  life  of  euob  00a tings  has  been  found  to  be  limited,  a 
serious  loss  in  color  density  occurring  within  three  flue  days. 

Some  of  the  original  density  oan  be  restored  by  additional  color 
development  suggesting  that  depletion  of  the  color  developer  takes 
place  on  storage.  The  great  sensitivity  of  developers  of  the  p- 
phenylenedi  amine  class  to  cocidative  degradation  is  well  knotm,  and 
the  indicated  depletion  in  developer  activity  oan  be  logioally 
attributed  to  oxidation.  British  Patent  No.  783,887  assigned  to 
the  Qevaert  Photo-Produo ten  N.V.  describes  a  class  of  color 
developers  based  on  tile  p-dialkylandnophspylglyoine  structure 
which  have  improved  resistance  to  oxidation  and  are  olalmso  to  be 
particularly  suitable  for  incorporation  in  conventional  photographic 
coatings.  Accordingly,  it  was  of  interest  to  test  this  type  of 
color  developer  in  the  photopolymsrl table  system  in  hope  of  inerdas- 
ing  the  shelf  stability. 


For  this  purpose,  4-diethylanino-(<-oarboxy-n-heptadeoyl)  aniline 
dlhydroohloride  was  prepared  via  the  following  sequence  described 
in  the  above  mentioned  patent.  This  particular  homolog  was  aaleeted 
in  hopa  that  the  non-dif fusabili  ty  conferred  on  the  mdeoule  by  the 
heptadeoyl  chain  would  minimise  the  lose  of  developer  doe  to  leach 
out  in  the  hydrogen  peroxide  processing  bath. 
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Hr 


O  +  CH^CHzJ^-Ca-OOgC^ 
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^CH(CH2)l5CH3 
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The  e<  _br omoethyl  ?  tears te  used  wi  prepared  by  the  method  of  Hell 
and  Sadonaky'19)  #  The  produo t  «u  obtained  aa  a  light  tan,  waxy 
solid,  m.p,  140°-150°.  Reaction  with  the  color  formers  used  in 
the  ooating  In  the  preeenoe  of  alkaline  persulfate  cave  the  corres¬ 
ponding  dyes  very  slowly.  Even  In  solution  maximum  dye  density  «es 
not  obtained  for  periods  up  to  one  ho ur.  Obviously  the  extremely 
slow  rate  of  coupling  displayed  by  this  developer  aakss  it  unattree- 
tive  for  use  in  the  photopolymerlsatioa  systen.  In  order  to  deter¬ 
mine  If  the  slow  rate  of  color  development  observed  is  more  a  conse¬ 
quence  of  the  slue  of  the  leaving  group  (the  oarboxyheptadeoyl  group 
is  split  off  in  the  process  of  oolor  coupling)  than  of  the  inherent 
motivation  energy  of  the  cleavage  process,  the  sneller  4-dlethyl- 
amino-NJ  -carboxymethylaniline  was  synthesised.  Solution  experiments 
show  this  developer  to  oolor  oouple  at  a  somewhat  faster  rate  than 
the  heptadeoyl  derivative  but  at  a  considerably  slower  rets  than  the 
4-a*dno-N-ethyl-N-(^  -hydroxyethyl)-anlline  used  initially.  Ooating 
trials  were  made  by  substituting  4-dlethylamlno-N '  -oarbaxymethyl- 
aniline  for  4-amlno-H-ethyl-a-(/^  -hydroxys thyl) -aniline  in  costing 
formulation  4155-179  given  above.  After  exposure  and  oolor  develop¬ 
ment.  the  photoresist  acquired  a  light  green  odor  on  prolonged 
immersion  in  an  alkaline  persulfate  solution.  It  wee  concluded 
that  the  rets  of  oxidation  and  therefore  of  odor  ooupllng  of  this 
type  of  odor  devdoper  is  too  slow  to  make  it  practical  in  this 
System.  Undoubtedly  it  is  this  same  resistance  to  oxidation  that 
gives  this  type  of  developer  its  outstanding  stability. 


4.  Mew  Photopolvnerl aa tlon  Systems  with  Increased  Sensitivity 

a.  fhotgpgi  alHtlpa.Bggod  go  MtoUiflaa 

As  previously  outlined  in  the  Final  Report  for  15  November  1962  - 
14  February  1963  under  the  same  beading,  photosensitized  autoxidation 
can,  in  theory,  lead  to  a  peroxide  latent  image  which  can  subse¬ 
quently  be  motivated  by  either  light,  beat,  or  a  reducing  agent  to 
yield  radioale  oapeble  of  initiating  polymerisation.  The  scheme 
ia  the  reverse  of  the  iron-peroxide  system  with  the  important  differ¬ 
ence  that,  whila  the  quantum  yield  for  the  photoreduotion  of  Fe(m) 
to  Fe(Il)  oannot  exoeed  one,  the  chain  reaction  nature  of  photo¬ 
sensitized  autoxidation  makes  large  quantum  yields  possible,  host 
probably,  the  key  to  developing  a  practical  photopoiymerisatlon 
system  based  on  photoet-  vitised  autoxidation  lies  in  finding  s 
suitable  substrate.  In  this  regard  it  waa  of  interest  when,  in 
the  course  of  the  synthesis  of  4-f crmylbensoylaoe tanilide ,  the  1,3- 
dioxolanes  prepared  as  intermediates  appeared  to  exhibit  sensitivity 
to  oocygen  and  light  in  muoh  the  same  manner  as  the  aromatic  hydraaonea 
previously  found  to  be  useful  autoxidation  substrates.  A  shook  of 
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the  literature  revealed  the  work  of  Rieohe  et  al^\  in  which  the 
ultraviolet  sensitised  aut oxidation  of  2-phenyl-l,  3-dtajcolane  to 
yield  a  hydroperoxide  is  reported.  A e  ie  well  known,  beneylio 
hydrogen  and  hydrogen  alpha  to  ether  oxygen  are  particularly 
suaoeptible  to  autoxidation.  It  la  tharefez>e  not  eorprieing  that 
the  bensylio  hydrogen  in  the  1 ,3-dlaxolane  ie  exceedingly  reactive 
in  this  respect  since  it  ie  located  in  a  benayl  position  and  is  also 
alpha  to  two  ether-like  oxygen  a tens. 


°'v_  /r~\ 

o'* W 


/00H 

xo 


A  sample  of  2-phenyl-l , 3-dioxolane  was  prepared  as  follows < 

2-ftllBYl-i  JsBteaUiBt>  A  solution  of  freshly  distilled  bensal- 
dehyde  (21.2  g.(  0.2  mole)  and  ethylene  glycol  (12.4  g.,  0.2  mole) 
in  SO  ml.  of  dry  xylene  containing  4  drops  of  concentrated  sulfuric 
acid  was  distilled  Slowly  until  the  distillate  temperature  oame  to 
160°.  ihe  distil  land  was  than  washed  vith  dilute  NaHCC>3.  water  and 
dried  over  Drier its.  Fractions tion  in  vacuo  cava  37  g.  (75>)  of 
2-phenyl-l , 3-dioxolane  as  a  odorless  oil,  b.p.  70°  (l  mm.) ,  Sjf° 
1.5270. 

Tlhen  a  solution  containing  several  drops  of  2-phenyl-l , 3-dioxolane 
in  2  ml.  of  bensene  was  saturated  with  oxygen  and  irradiated  for  two 
minutes  with  ultraviolet  light,  sufficient  hydroperoxide  was  generated 
to  initiate  immediate  polymerisation  when  a  few  drops  of  the  autoad- 
dised  solution  was  added  to  a  few  ml.  of  A-5  solution  containing  a 
trace  of  ferrous  ion. 


The  following  trial  coatings  were  prepared) 


Autoxidation  Coatings 

41SS-184C  4192-49  41SS-184D 


PVP  mas ter batch*  50  ml. 
2 -Phenyl-1 ,3-Dioxolane  1  ml 
l£  Rose  Bengal 


50  ml.  50  ml. 

1  ml.  — 

1  ml.  1  ml. 


*60  g.  PVP,  210  ml.  ethanol,  90  ml.  water,  8  g.  H, N* -methylene- 
bieaorylandde,  6  ml.  dime thylpbthala te ,  2  ml.  1$  Wetsit. 


The  formulations  were  ooated  on  baryta  paper.  Coating  4192-49 
gave  a  photoresist  after  30-second  exposure  to  the  usual  light 
source  and  immersion  in  l£  aqueous  ferrous  atmonium  sulfate, 
Exposed  areas  not  treated  with  the  ferrous  solution  failed  to 
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retain  a  resist  at  this  e  xposure  level.  Coating  4155-1040  contain¬ 
ing  no  rose  bengal  failed  to  produce  a  resist  after  a  two-miaute 
exposure.  Coating  4155-1040  containing  only  rose  bengal  gave  a 
very  faint  resist  after  a  two-mtnute  exposure.  Poet-exposure 
prooessing  of  this  o eating  appeared  to  enbanoe  the  resist  quality 
slightly* 

Further  experimentation  directed  at  determining  the  effect  of 
concentration  and  struoture  of  the  1,3-dioxolane  on  thlo  aysten 
aa  soil  96  other  photoaensitlaers  is  currently  In  progress* 

b.  «***♦♦«"  m  «  BBtetotaUtBL 

The  photoinltlated  reaction  of  aarourio  chloride  with  potassium 
cxolate  mss  first  described  by  ader'16'  end  has  the  following 
stoichiometry  i 

k2°2°4+  ZHCc^2  _ HggClg  +  2KC1  +  2C02 

The  following  charaoteristios  of  tha  reaction  have  been  demon¬ 
strated'*?'  a  (i)  Raaotlen  proceeds  via  a  chain  mohanlsm  and  with 
a  larger  than  unit  quanton  yield.  (2)  No  inaction  occurs  in  the 
dark  in  the  absence  of  photo-  or  ohemioel  initiation*  (3)  The 
reaction  exhibits  a  strong  sensitivity  to  inhibition  and  catalysis- 
certain  dyes  such  as  eosln  act  as  photoseneltlsers  and  oxygen  sets 
as  a  strong  inhibitor* 

Consideration  of  the  above  reaction  characteristics  suggests  a  free 
radical  meohanism  and  therefore  the  system  was  tested  for  photo- 
initiator  properties.  It  was  found  that*  when  mercuric  chloride 
and  potassium  oxalate  are  added  to  A-5  solution  and  exposed  to 
ultraviolet  radiation*  no  polymerization  resulted.  However,  when 
tbs  solution  was  purged  with  nitrogen  before  exposure,  polymerisa¬ 
tion  was  Initiated  on  Short  exposure.  Coating  trials  war*  form- 


la ted  as  follows  and  coated  on 

baryta  paper. 

4192-29 

Oelatln,  Atl.  10299,  1# 

25  ad. 

25  ml. 

25  «a. 

HgClg,  0.2U 

10  ml* 

1  ml. 

20  ml* 

KgCaVHgO,  1M 

1  ml. 

1  Ml. 

1  ml. 

3  hi* 

3  ml* 

3  ad. 

H,0 

Saponlne* 

15  hi* 

1  ml* 

24  ml. 

1  ml. 

5  hi* 
1  ml. 
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Non*  of  th#  above  costings  gave  any  indication  of  photoresist 
formation  after  exposure  to  a  U,V.  source  (one  15  watt  germicidal 
lamp  at  a  distance  of  three  inches)  for  five  minutes* 

The  sensitivity  of  Oder's  reaction  to  the  blue  region  of  the  speo- 
trum,  where  neither  mercuric  chloride  nor  potassium  oxalate  absorb, 
has  been  attributed  by  Cartledge^?)  to  the  nresenoe  of  impurities— 
notably  iron.  When  ferric  ammonium  oxalate  was  added  to  a  solution 
of  mercuric  chloride  and  potassium  oxalate  in  A-5,  polymerisation 
could  be  photoinitiated  even  without  prior  removal  of  oxygen  from 
the  solution.  Coatings  (4155-181)  wars  prepared  similar  to  the 
4192-29  formulation  with  the  addition  of  1  ml.  of  ferric  ammonium 
oxalate.  Prolonged  exposures  of  these  coatings  produced  no  photo¬ 
resist  unless  the  exposed  coatings  were  bathed  in  dilute  hydrogen 
peroxide  prior  to  washout. 


As  suggested  in  the  Final  Report  for  15  November  1962  -  14  February 
1963  under  the  heading  of  Suggested  Further  Work  (Seotion  F-8-(f)  \ 
a  protram  has  been  initiated  to  quantitatively  evaluate  the  iron- 
peroxide  photopolymarization  system  for  the  purpose  of  estimating 
how  much  additional  speed  can  be  realized  from  the  system  by  further 
optimization.  The  initial  work  has  had  as  an  objective  the  deter¬ 
mination  of  the  percent  conversion  of  monomer  to  polymer  necessary 
in  the  N^N'-methylenebiaaorylamlde-gelatln  system  to  achieve 
insolubilization  after  photoinitiation  by  the  iron-peroxide  system* 
This  data  is  expected  to  yield  insight  into  the  effioienoy  of  N,Nf- 
methylenebisaorylamide  (MBA)  in  the  process  and  thus  into  the 
margin  of  improvement  that  could  be  accrued  by  the  use  of  a  more 
ideal  monomer. 

The  analytical  estimation  of  the  decrease  in  monomer  concentration 
that  accompanies  photopolymarization  in  a  thin  ooated  layer  presents 
several  problems.  The  conventional  technique  of  monomer  determina¬ 
tion  baaed  on  iod one trie  measurement  of  the  amount  of  bromine  con¬ 
sumed  by  addition  to  the  unsaturstion  of  the  monomer  is  impraotioel 
due  to  the  none toichicrae trie  consumption  of  bromine  by  the  gelatin 
binder.  Trial  and  error  experimentation  with  00a ting  formula tiona 
containing  gelatin,  WA  and  ferric  ammonium  citrate  Indies ted  that, 
when  suoh  formulations  are  ooated  on  a  nonabsorbing  base  suoh  as 
Pies tar,  the  minimum  gel /MBA  ratio  necessary  to  prevent  crystalli¬ 
zation  of  the  i£A  in  the  dried  layer  is  about  8«3.  Somewhat  lower 
ratios  can  be  ooated  on  an  absorbent  substrate  suoh  as  paper  without 
crystallization,  presumably  due  to  imbibition  of  monomer  by  the  base* 
Comparison  of  the  infrared  spectra  of  gelatin,  MBA  and  poly-MBA 
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(prsparsd  by  FaClIJ-I^Og  initiated  polyumrizstion  of  a  aqueous 
solution  of  iBA)  revealed  that  1.BA  has  several  well  defined  absorp¬ 
tion  bands  in  the  10-13i*  region,  an  area  which  is  transparent  in 
the  poly-iiU  and  gelatin  spectra.  It  is  therefore  theoretically 
feasible  to  determine  the  monomer  content  of  a  gelatin  foil  by 
quantitative  infrared  spectroscopy.  Accordingly,  a  series  of 
gelatin  foils  were  prepared  containing  varied  amounts  of  iBA  and 
their  infrared  spectra  reoorded  for  the  purpose  of  obtaining  a 
calibration  plot  of  optical  density  versus  IBA  concentration. 

However,  it  was  found  that,  even  at  the  maximum  gel/HBi  ratio,  at 
least  five  foil  thiokneaeee  '  35p)  were  required  to  give  e 

measurable  ISA  absorption  before  polymerization.  Furthermore, 
when  the  infrared  spectrum  of  several  foil  layers  was  recorded, 
absorption  due  to  interference  phenomena  associated  with  the 
surface  of  the  foils  beoomes  so  intense  that  quantitative  results 
based  on  absorption  in  the  region  of  interest  become  unintelligible. 

At  this  point,  the  speetrophotoaietrio  method  was  abandoned  in  favor 
of  gravimetric  estimation  of  the  poly-ISA  formed  in  the  photopolymeri¬ 
zation.  This  value  combined  with  s  knowledge  of  the  amount  of  ISA 
present  before  polymerisation  readily  gives  the  percent  conversion 
of  monomer  to  polymer.  The  following  determination  based  on  the 
insolubility  of  the  highly  crosslinked  poly-NBA  was  developed i 
Smell  "puddle"  coatings  were  prepared  by  placing  s  weighed  amount 
of  coating  formulation  on  unsubbed  Plaster  base  which  had  been 
pre treated  with  s  ll  solution  of  saponlne.  Conditioning  of  the  base 
with  a  wetting  agent  was  necessary  to  facilitate  the  flow  of  the 
coating  solution  into  round,  reasonably  uniform  coatings.  A  number 
of  such  ’puddle" coatings  were  prepared  from  a  coating  solution  con¬ 
taining  9,7  ag.  iBA/g.  ooating  solution.  When  using  1.5-2.0  g.  of 
coating  solution,  ooatings  measuring  6-8  cm.  in  diameter  and  30-40p 
thick  obtained,  After  exposure  and  processing  in  1,»  hydrogen 
peroxide,  the  polymerized  layer  could  be  easily  end  quantitatively 
stripped  from  the  base  and  transferred  to  a  beaker  as  a  consequence 
of  the  lack  of  adhesion  of  the  polymerized  coating  to  the  unsubbed 
Fleeter  baas.  Thus  it  was  possible  to  prepare  s  small  ooating  con¬ 
taining  a  precisely  known  weight  of  NBA  and  to  quantitatively  strip 
It  from  the  bass  after  exposure  and  processing.  Tbs  stripped  coating 
was  then  enzymatically  degraded  with  Takamine  end  the  insoluble  poly- 
NBA  collected  on  a  sintered  glass  Ooooh  crucible ,  dried  in  vaeuo, 
and  weighed.  Citric  add  was  added  during  tbs  digestion  period  to 
insure  solubilisation  of  any  tamed  gelatin  formed  by  free  ferric 
ion  resulting  from  oxidation  of  photoformed  ferrous  Ion  by  hydrogen 
peroxide .  Tbs  following  table  summarises  tbs  results  Obtained  via 
this  procedure. 
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DatagaaattrajLgB  a£  k£A  jtaJBotoJg^* 


Coating 

1. 

Weight,  s. 

1.5909 

15 

14.9 

96.4 

2. 

1.3954 

30 

13.7 

101.0 

3. 

2.0792 

60 

16.8 

83.2 

4. 

1.6013 

120 

11.0 

70.5 

♦The  original  ooatlng  solution  contained  9.72  mg.  iBA/g, 
•♦Exposures  were  made  using  a  375  watt  photoflood  at  a  distance 
of  15  inches. 


Discussion  of  Table  VII.  The  lack  of  correlation  between  exposure 
level  and  percent  conversion  shown  by  these  data  shed  doubt  on  the 
reliability  of  the  analytical  method  and  underscore  the  need  for 
duplicate  experiments.  Further  than  this,  the  impossible  conver¬ 
sion  measured  for  ooatlng  2  prompted  a  closer  look  at  the  poly-MBA 
isolated  via  this  technique .  The  infrared  spectrum  of  the  polymer 
obtained  from  the  coated  layer  is  practically  superlmpoeable  on 
that  of  pure  poly-MBA  with  the  exception  of  two  very  weak  bands  at 
7.55  and  12.75P.  Neither  of  these  bands  is  present  in  the  speotrum 
of  the  gelatin  used  in  the  experiment;  however,  a  sensitive  odor 
test  for  protein,  based  on  the  formation  of  violet  colored  Schiff 
bases  by  reaction  of  p-dlmethylaminobenzaldehyde  with  aoid  hydro¬ 
lyzed  protein '18' ,  was  positive  for  gelatin  and  polymer  isolated 
from  the  photopolymerized  layer  but  negative  for  pure  poly-MBA. 
Prolonged  digestion  (46  hours)  with  Takandne  and  cltrlo  aoid 
followed  by  thorough  washing  with  water  and  alcohol  failed  to 
prevent  the  photopdymerized  poly-MBA  from  giving  a  positive  gelatin 
test.  This  result,  while  interesting  in  that  it  implies  some  chain 
transfer  to  gelatin  in  the  polymerization  process.  Introduces  an 
additional  variable  into  this  method  developed  as  a  means  of 
estimating  the  percent  conversion  of  monomer  to  polymer. 

The  following  FTP  based  formulation  was  similarly  coated  on  unsubbed 
Plestar  base  and  processed  as  in  the  gelatin  based  coatings. 
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Polyvinylpyrrolidone,  K-30 

10 

g. 

Water 

50 

ml, 

N  ,N»-MBthylenebiaaorylamide 

1.50 

g. 

Ferric  ammonium  oxalate, 

5 

ml, 

Saponlne,  8? 

1 

ml, 

( 


t 
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After  exposure  And  processing  with  i,*  hydrogen  peroxide,  the 
insoluble  polymer  wee  isolated  end  dried  in  vacuo.  A  sample  was 
submitted  for  nitrogen  analysis t  Found:  N,  11.96,  11.81s  cal¬ 
culated  for  poly-lBA  ,  N,  18.1?;  for  FVP  (CgH^O), 

N,  12.71.  This  experimental  result  obviously  cannot  be  recon¬ 
ciled  in  terms  of  a  graft  copolymer  of  FTP  and  ISA,  It  may  mean 
some  hydration  of  the  polymer;  however,  the  low  nitrogen  analysis 
and  the  infrared  spectrum  almost  oertainly  indicate  a  significant 
degree  of  chain  transfer  to  binder.  While  this  conclusion  makes 
the  determination  meaningless  for  the  estimation  of  percent  con¬ 
version  of  monomer  to  polymer,  it  does  provide  e  technique  for  the 
estimation  of  the  tendency  of  various  binders  to  enter  into  the 
photopolymerisation  process. 
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1.  Continuation  of  syn those*  of  organlo  acids  wnooe  ferric  salts  are  likely 
to  yield  a  colored  image  during  photopolymer  formation.  Speoifioally, 
these  aoids  include  3,5,3' *5'  dihy droxybentili c  sold  and  1,3  dihydrosxy 
1,3  dimethylglutarlc  sold. 

2.  Study  of  reao tions  designed  to  multiply  the  number  of  radioala  arising 
from  the  photodeoomposition  of  ferrio  bensilate  or  related  ferrio 
salts.  It  is  possible  that  this  amplification  may  be  achieved  by  means 
of  suitable  additives  to  the  coating  formulation  or  an  extra  processing 
step.  For  example,  the  Immersion  of  an  exposed  ferrio  bensilate  layer 
in  hydrogen  peroxide  afford*  a  supply  of  hydroxyl  radicals  in  addition 
to  the  photoproduced  dl pbenylme thoxyl  radicals. 

3.  ibcperlmsnts  designed  to  elucidate  the  nature  of  the  radioale  arising 
from  the  photodeoomposition  of  urtnyl  salts  suoh  as  uranyl  acrylate. 

A  clarification  of  this  mechanism  oould  suggest  means  of  aooeleratlng 
photopolymerization  with  uranyl  salts,  suoh  as  has  boon  attempted  with 
methylene  blue-nandelic  sold. 

4.  The  search  for  photopolymerisation  systems  with  increased  light  sensi¬ 
tivity  will  be  continued,  Speoifioally,  the  approach  based  on  auto- 
oxidation  will  be  expanded  end  the  system  utilising  the  1,3  diaxolanes 
as  the  autoxidi sable  substrate  will  be  im&stigatsd  in  detail.  Varia¬ 
tion s  of  the  binder,  photosensitlser  end  cttoocolane  structure  will  be 
examined.  A  study  of  the  effeot  of  both  autcxidation  accelerators  and 
antioxidants  on  the  system  is  contemplated. 
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U.  8.  Army  KLeotroniee  RAD  Laboratory 

ATIHi  SEJU/SL-ADT 

Fort  Monmouth,  Mew  Jersey  (l) 

Commanding  Officer 

D.  8.  Army  KLeetronios  RAD  laboratory 
ATTNi  S2XRA/5L-SA  File  Unit  No.  1 
Fort  Monmouth,  New  Jersey  (1) 

Commanding  Of  fleer 

U.  S.  Army  KLeotroniee  RAD  Laboratory 
ATTN:  SflLRA/SL-TN 

Fort  Mmmoutb,  New  Jersey  (3) 


